Lilium ledebourii (Chelcheragh lily) is distributed in the Damash of Ammarloo and Kalchooleh of Dorfak areas of Guilan province in Iran. Seed germination was promoted at constant 17°C or 14°C and inhibited at constant 26°C or 29°C. When seeds were treated initially at 29°C or 26°C followed by 14°C and 17°C, respectively, germination percentage was increased. While when seeds were exposed to alternating temperature (initially at 14°C and 17°C followed by 29°C and 26°C), seed germination was the lowest or inhibited. In other experiments, seeds were pre-treated for 0, 1, 2, 3, or 4 weeks at 3-5°C, then planted in pots and placed at constant 15, 20, 25, or 30°C. Germination percentage was the lowest at 15 and 25°C and completely inhibited at constant 30°C, regardless of the duration at 3-5°C. Only when seeds were pre-treated at 3-5°C for one week, germination percentage was the highest at 20°C. Also, germination percentage at constant 20°C without cold temperature was about 50%. Germination percentage was recorded as a bulblet and root forming per seed. Bulblets were initially dormant, and leaves did not emerge. When bulblets were treated at 3-5°C for 12 weeks, sprouting of seed bulblets prodeeded directly at 20°C.
INTRODUCTION
Lilium ledebourii (Baker) Boiss (Ghahreman, 1997) (Chelcheragh lily) is distributed in the Damash of Ammarloo and Kalchooleh of Dorfak areas (Rudbar small province) of Guilan province in Iran. Guilan province is located in the north of Iran and south of the Caspian Sea (latitude N 36.3-38.3 and longitude E 48.3-50. 3). Damash of Ammarloo and Kalchooleh of Dorfak is located on approximately latitude 37°N and between 1,700-1,900 m above sea level (Wendelbo, 1977) .
The genus Lilium L. includes about 100 species which have been classified by different authors into five to ten sections or subgenera that are geographically distributed in the Northern Hemisphere (North America, Europe and Temperate Asia) (Siljak-Yakovlev et al., 2003) . A number of native lilies occur from the eastern part of Europe, including the most western part of the former Russia, Ukraine, Byelorussia and the Baltic countries, Lithuania, Latvia and Estonia (Mynett, 1996) . Lilium ledebourii is the rarest lily in Russia with white fragrant flowers and is mainly found in the Caucasus region (Baranova, 1996) . This plant is strongly resistant to cold and even when land is covered with snow, it begins to sprout and produces beautiful white flowers with sweet fragrance in June. Stem is 50-150 cm high, thick, covered with compact leaves all along the length, or paucifoliate above and flower is white and large, raceme, typically 2-15 flowers, but as many as 26 have been observed on one plant (pers. observation, 2003) pedicel up to 13 cm long (Ghahreman, 1997) . The species has good ornamental value, especially as a pot plant.
Lilies are traditionally propagated asexually by tissue culture, bulbils or scaling (Roh and Gu Sim, 1996; Rees, 1992) . Scaling propagation of Chelcheragh lily has already been reported (Padasht Dehkaei, 2000a) . Also propagation has been done on MS medium by tissue culture (unpublished data) and it needs six weeks of 3-5°C temperature for forcing (Padasht Dehkaei, 2000b) . However suitable temperatures for seed germination of Llilium ledebourii has not been determined. Roh and Gu Sim (1996) suggested that a greenhouse or germination room should be maintained within the range of 14-17°C for 30 days to promote germination in Lilium x formolongi. Cotyledons of Lilium dauricum stay in soil after sprouting and the dormancy of small bulbs could be broken by storing them at 2-5°C for 10-60 days (Xiaofang et al., 1995) . Some Lilium species have shown epicotyl dormancy (Hartman et al., 1997) . The purpose of this study was to determine the temperature requirements for seed germination of Lilium ledebourii (Chelcheragh lily), possibly leading to the production of a new floricultural crop.
MATERIALS AND METHODS
Mature seed capsules of Chelcheragh lily (Lilium ledebourii) were collected in September 2002 in Damash of Guilan province. Seeds were removed from the dry capsules and stored at room temperature (20 to 25°C) at approximately 50 to 70% RH for five months. Seeds were sown in 10 cm plastic pots in all experiments. Pots were filled, from the bottom to the top, with two layers of perlite (coarse and soft perlite, respectively).
Thirty seeds were sown in each pot and covered with 1 cm of soft perlite. Pots were placed in refrigerator or growth chambers and light was provided from fluorescent tubes.
Experiment 1. Alternating Germination Temperatures
Pots were kept initially for 0, 1, 2, 3 or 4 weeks at 17 or 26°C followed by 4, 3, 2, 1 or 0 weeks at 26 or 17°C, respectively, and followed by germination at the second temperature used. In a second experiment, 29°C and 14°C were used (Roh and Gu Sim, 1996) .
The experiment was designed in a completely randomized with three replicates and 20 treatments.
Experiment 2. Pre-treatment at 3-5°C and Constant Germination Temperatures
After seeds were sown in pots with perlite, pots were placed at 3-5°C for 0, 1, 2, 3 and 4 weeks and then transferred to growth chambers and germinated at constant 15, 20, 25 or 30°C. The test was designed in as a factorial experiment with three replicates and 20 treatments.
Experiment 3. Pre-treatment of Seed Bulblets at 3-5°C for Sprouting (Leaf Emergence)
After seeds germinated, rooted and formed as seed bulblet, further development was completely inhibited (epicotyl dormancy). For removing this dormancy, ten seed bulblets (with attached root) were planted in each pot and placed at 3-5°C for 0, 2, 4, 6, 8, 10, 12 or 14 weeks, transferred to growth chambers, then kept at 20°C and 25°C for sprouting (leaf emergence). The test was designed in factorial experiments with three replicates (pots) and 16 treatments.
RESULTS
Results were scored and reported in percentage but were transformed to arcsin values for statistical analysis. After ANOVA, means comparison of treatments was carried out by the Tukey test (HSD) method.
Experiment 1. Germination in Alternating Temperatures
When seeds were treated initially at 26°C followed by 17°C (26°C/17°C), germination (root and bulblet emergence, at 17°C) ranged between 55% and 91%, but the highest germination was observed in treatments of the 26°C (2, 3, 4 weeks) 17°C (2, 1, 0 weeks) and germination at 17°C. Regardless of pre-germination temperatures, 26°C significantly inhibited germination compared to 17°C (Table 1) .
Germination was completely inhibited at 29°C. When seeds were treated initially at 29°C followed by 14°C (29°C/14°C), germination (root and bulblet emergence) at 14°C ranged between 24% and 79%. Germination was the highest (79%) when seeds were treated initially at 29°C for 2 weeks and then germinated at 14°C. However, germination was higher (55.5%) at 17°C than at 14°C (24.4%); therefore, we will expect that germination would be decreased at temperatures lower than 14°C.
However, there are four constant temperatures in this experiment (14, 17, 26 and 29°C) and the highest germination was observed at 17°C as 55.5% (Table 1 ) and the highest germination rate was recorded at 17°C in all of treatments. Orthogonal contrasts showed difference between alternating temperatures in 1% significance level (Table 1) .
Experiment 2. Germination in Constant Temperatures
Pre-treatment temperatures of 3-5°C and growth chamber constant temperatures influenced on germination percentage (Table 2) . Germination was the highest at 20°C germination temperature (27.8-60%) compared to 15, 25 or 30°C. Although the highest germination was observed when seeds were pre-treated at 3-5°C for one week and then kept in growth chamber at 20°C, pre-treatment was of much less importance than the final germination temperature.
Experiment 3. The Sprouting (True Leaf Emergence) of Seed Bulblets
As the length of 3-5°C treatment increased above 6 weeks, sprouting of dormant seed bulblets increased. While germination temperatures of 25°C tended to speed sprouting, overall sprouting percentage was reduced compared to the 20°C germination temperature (Table 3 ). The highest rate of sprouting (90%) was observed with 12 weeks at 3-5°C and then germination at 20°C. Each of the seed bulblets produced the only one true leaf.
DISCUSSION
Secondary dormancy (ecodormancy) has been reported in seeds of Lilium x formolongi at temperatures higher than 20°C (Roh and Gu Sim, 1996) . Our results showed decreased or inhibited seed germination in Lilium ledebourii at 25-30°C (Table 1 and 2) . Therefore, secondary dormancy exists in Lilium ledebourii.
Maher et al. (2000) reported thermodormancy or thermoinhibition in Lavandula stoechas seeds that caused reduced germination as temperatures increased from 10 to 25°C, with an important difference between 20°C and 25°C reaching zero at 30°C.
It seems that thermal inhibition exists in Lilium ledebourii seeds, because seeds will germinate when temperatures are lowered (Hartman et al., 1997) .
As with Lilium x formolongi, Lilium ledebourii seeds do not posses an endodormancy because pre-treament at 3-5°C for 1-4 weeks did not overcome the inhibitory effect of subsequent high germination temperatures (Roh and Gu Sim, 1996; Crabbe, 1994) .
Seeds of Lilium ledebourii initially germinate during a warm period (the best temperature was 17-20°C), and proceed through rooting and hypocotyl growth (seed bulblet formed), but then require eight to fourteen weeks of chilling (3-5°C) to enable the epicotyls to grow (Table 3) . Without this cold, the bulblets show an epicotyl dormancy (Rees, 1992) and leaf emergence may be delayed for several months. Lily seeds can show either hypogeal or epigeal germination (Rees, 1992) or even epicotyl dormancy (Hartman et al., 1997) . Germination in Lilium ledebourii seeds is hypogeal. Some plants have an extended period of juvenility following germination, others can flower in the same year as 290 the seed is planted (Rees, 1992) . However, we do not know the details about the length of juvenility in Lilium ledebourii, but it seems that its period of juvenility would be long.
Since seed capsules of Lilium ledebourii mature in September in natural habitat area, it is likely that at least some seeds germinate in late September or early October and after over wintering, the true leaf will emerge in early spring in next year. Means in each column followed by the same letter is not significant at 1% level by HSD test.
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